The continued development of e-business models has triggered a dramatic transition of customers' roles in a variety of service production and delivery processes. Rather than being the passive recipients of such processes, customers now play much mo re active and even leading roles. As a result, a customer should be viewed not only as a patron but also as a co-producer of a service. This role transition has many potential impacts on ebusiness management as it brings new light to the solution of some existing problems; e.g., the apparent conflict between a company's pursuit of productivity and profit and the service quality provided to its customers. In our view, the concept of "customer efficiency" is the key to the solution of such conflicts. In this paper, we present the concept of customer efficiency, study its relationship with other key customer characteristics, and explore its potential impact on e-business management: the strategic reorientation from Customer Relationship Management (CRM) to Cus tomer Efficiency Management (CEM).
1.
Introduction A dramatic transition of customers' roles in many service industries (e.g., on-line retailing, auction, banking, brokerage, and auto shopping) triggered by new e-business models and technologies is underway. Instead of being the traditional recipients of service, customers often play active and even leading roles in service production and delivery processes. Traditional consumer theory has long recognized a customer's contribution to a service production and delivery process in terms of triggering the service, providing the necessary information, and assisting in the completion of the service. However, in many e-business situations, a customer's contribution is far greater than the above-mentioned level of involvement. In many situations, customers are acting as if they were the "partial employees" of the firm and thus, the service production and delivery process can be viewed as a co-production process between the customer and the firm.
This transitio n has many potential impacts on e-business management as it has brought new insight to some existing problems. For example, consider the recently reported declines in service quality as a result of the pursuit of productivity and profit by corporations. By cutting labor and other expenses used to better service to average customers, corporations are able to earn more profit at the expense of losing some of their less "valuable" (profitable) customers. The media and public have intensified their criticism and pointed out "…the result is more efficiencies for the companies---and more frustration for their less valuable customers." (Brady 2000) . One of the main frustrations for an average customer comes from the amount of time it takes to complete a transactio n or solve a problem. While the media and the public have intensified their criticism, several companies argue that some customers are just too expensive to serve. This issue has actually been an on-going topic argued by researchers in both the marketing and operations management fields: Are corporate productivity and customer satisfaction in conflict or are they compatible? Is the answer to this question different in an e-business setting as compared to a traditional business? In the same article (Brady 2000) , it was pointed out that "…time saved for them (the companies) is not the time saved for us (the customers)". What of the other side of this issue: is time saved for the customers also time saved for the companies? In other words, are customer efficiency (as we define later in the paper) and corporate productivity in conflict or are they compatible?
In our view, the answers to these questions are related to the idea of "customer efficiency", a concept that has not yet been well defined nor studied. The fact that "customer efficiency" has been overlooked both by academics and by practitioners itself is no surprise, because the traditional service production and delivery models regard customers' contributions to a service production and delivery process as minor and supplementary. However, as we mentioned before, customers' contributions have significantly increased due to the Internet. They are true co-producers, not just recipients of service. Thus, the quality of the service delivered to a customer depends not only on the firm but also the customer. That is, the efficient delivery of consistently high-quality service requires consistently performance by both the employees and the customers who use the firm's infrastructure to participate in the production and delivery of a service. Therefore, in our view, customer efficiency is crucial for a firm's success in both the short-run and in the long-run. In an on-line shopping environment, efficient delivery of service is often the key to winning and keeping a customer for a variety of reasons. First, competitors are just a click away; and second, on-line shoppers are often expected to be even more "efficiency sensitive" compared to store shoppers since time pressure is often cited by consumers as one of the major motivations to go shopping on-line. Regardless of whether the customer is gathering information, making a purchase, or filling out a return form on-line, the longer it takes, the higher the frustration and the greater the chance for the customer to switch to a competitor or drop out of the process altogether. In the longrun, satisfied customers will enhance their relationship with the firm and with other customers. We expect customer efficiency has a positive influence on customer loyalty and, consequently, on firm profitability. From this perspective, customer relationship management should view a customer not only as a patron but also as a co-producer. Thus, customers can be managed with tools from human resource management as well as marketing. Tha t is, while the current customer relationship management (CRM) has been mostly focused on profit segmentation, it may be necessary to reorient to Customer Efficiency Management (CEM), which focuses on customer efficiency.
In this paper, we present the concept of "customer efficiency", discuss the potential customer-specific factors and website-specific factors influencing customer efficiency, explore the relationships between customer efficiency and other important customer characteristics (e.g., customer loyalty), and discuss the potential managerial tools for CEM. We conduct a large-scale study of customer efficiency using a panel data set of over 20,000 customers who visited 12 most popular Internet companies' websites during October 1999 and March 2000. The results of this study will be discussed at length.
The rest of the paper is organized as follows. Section 2 reviews the literature, and Section 3 defines the concept of "customer efficiency" as well as presenting the model used to measure this concept. In Section 4, we report the results of our empirical investigation by examining the link between customer efficiency and a wide range of customer demographic variables and other external factors (e.g., web infrastructure) that may influence customer efficiency as well as exploring the relationship between customer efficiency and customer loyalty. Section 5 concludes the paper with a discussion of the implication of the results for managers along with the directions for our future research.
2.
Literature Review According to traditional consumer behavior theory, customers' contributions to the production and delivery of a service are limited though indispensable. That is, customer's involvements are regarded as limited to triggering the process, providing the necessary information and material, and aiding in the completion of the process in most cases. The major body of work in consumer behavior has mainly focused on consumers' decision-making process for purchases and their post-purchase behavior.
The concept of the "co-production model" was initially adopted in the field of public policy management (Whitaker 1980) , where a citizen's participation in public service delivery was studied. Whitaker (1980) pointed out "Co-production is essential in services which seek to change the client" (e.g., education). Later, in Chappell (1994) , the co-production model was applied to quality management in public education. In Gail (1994), the author concluded that co-production of services is the key feature of government policy for providing care for senior citizens.
In the management literature, there were a few early studies on client participation in service production and delivery processes. Lovelock and Young (1979) pointed out that customers were the potential source for increasing a service firm's productivity. The authors discussed the importance of taking consumers' needs into account when designing self-service technologies such as ATM machines. Mills and Morris (1986) mentioned that clients often play the role of "partial" employees of service organization. Bowen (1986) suggested the use of human resource management techniques to manage on-site customers. Kelley and Skinner (1990) proposed the use of organization socialization tools to manage customers as human resource in service organizations.
The definition of "customer efficiency" is related to search theory in economics, consumer theory in marketing, and productivity and efficiency analysis in the operations management literature. The traditional search theory defines a buyer's search cost as "the cost incurred by the buyer to locate an appropriate seller and purchase a product" (Bakos 1997) . Traditional consumer theory recognizes the importance of a customer's contribution to a service production and delivery process differs as his or her involvement level in the process varies (Lilien et al. 1992) . A customer can contribute to the production and delivery of a service in a variety of ways: information search, physical presence, providing information, and decision-making. As most of these inputs are intangible, a reasonable measurement for a customer's input can be the opportunity cost of the time a customer contributed to the process.
The nature of the relationship between corporate productivity and customer satisfaction has been an on-going topic in both marketing and operations management. The opinions on this topic are divided in the literature. One school has argued that the two are compatible and the relationship is positive. If the customers are very satisfied, the costs of handling returns, rework, warranties, and complaint management will be lower and, consequently, will improve productivity (Crosby 1979; Deming 1982; Juran 1988 ). In addition, Reichheld and Sasser (1990) point out that improving customer relationships will improve customer loyalty, which consequently will lead to higher productivity through lowering the costs of future transactions, favorable word-of-mouth, and possibly a price premium. The other side argues that the relationship is negative rather than positive. In economics, customer satisfaction (utility) is often modeled as the function of product attributes. Therefore, the increase of customer satisfaction requires increasing product attributes and consequently, increasing costs (Griliches 1971; Lancaster 1979) . A recent study by Anderson et al. (1997) finds that the association between changes in customer satisfaction and changes in productivity is positive for goods but negative for services. In addition, empirical studies often fail to find support for either a positive relationship or a negative relationship between these two factors (Jacobson and Aaker 1987; Phillips et al. 1983 ).
In order to explore the impact of customer efficiency on e-business management and the proposed Customer Efficiency Management, our study will also involve an emerging topic in operations management and marketing: the strategic design of electronic services. Xue, Harker and Heim (2000) proposed a customer-focused model for the strategic design of electronic services. By focusing on customers, interactive self-service channels such as the Internet can serve as an effective means to migrate customers to lower cost channels and simultaneously improve customer efficiency, corporate efficiency, and customer satisfaction. In addition, process management techniques (Harker and Hunter 1996; Frei and Harker 1999 a, b; Harker and Zenios 2000) may also be applied to reengineer service production and delivery processes in order to stimulate and facilitate the improvement of customer efficiency.
3.
Customer Efficiency: Concept and Measurement Classical consumer theory assumes that consumers go through five steps in the purchase cycle: need arousal, information search, evaluation, purcha se, and post-purchase analysis (Lilien et al. 1992) . Using this framework, consider a simple example of purchasing a book on the Internet to illustrate how a consumer co-produces the service with an Internet bookseller (see Figure 1 ). Customers participate in almost all stages of the service production and delivery process except the back office operations such as shipping and handling of the goods. In fact, they trigger the service, search for product information, evaluate the search results to make a purchase decision, submit the order, and trigger the return process if a return is desired. In other cases such as on-line auto shopping or brokerage, the level of a customer's participation is much greater and more sophisticated. In these cases, customers' efforts in the process are crucial for the efficient delivery of high quality service.
According to traditional productivity theory, a unit's productivity (efficiency) is evaluated as higher if the unit consumes fewer inputs to produce the same amount of outputs or greater (or the unit produces more outputs by consuming the same amount of the inputs or less) when compared to its peers. In order to define and measure "customer efficiency", we need first identify customers' inputs and outputs in the case of the on-line production and delivery process of a service.
The first challenge is to identify customers' inputs. Traditional search theory defines a buyer's search cost as "the cost incurred by the buyer to locate an appropriate seller and purchase a product" (Bakos 1997) . In e-businesses, the depth and breadth of a customer's participation in the service delivery process is clearly greater than just product information search activities. Instead, customers participate through a variety of activities. However, similar to product information search, all of these activities are mainly intellectual activities and have time opportunity costs associated with them. They are intangible inputs and can be classify into two types: the financial cost measured by the time spent on the activity (e.g., opportunity cost) and the psychological cost including the fatigue and irritation incurred after a long period of self-service. Therefore, a customer's major inputs into the on-line service production and delivery process can basically be measured by his or her time contributed to the process.
Next, how can we measure the outputs? The direct outputs of a customer's co-production activity include informational transactions, service transactions, and purchase transactions. Informational transactions fulfill customers' needs for information browsing or searching. Service transactions include activities such as reviewing account history, changing customer profiles, and tracking shipments. Purchase transactions are those associated with the actual completion of an on-line purchase.
Based on the above analysis, what is customer efficiency? An efficient customer is simply a customer who uses less time while accomplishing more transactions. In other words, an efficient customer uses less time to complete the same or even more transactions as compared to inefficient customers. Register new customer information or use stored member information, process order, and issue purchase confirmation Satisfied: Return for future purchase; refer it to a friend; and write positive reviews for the website, etc.
Unsatisfied: fill out the return form and possibly initiate a new search Send follow-up shipping tracking information to the customer; process the return form; and send the customer future sales information, etc.
3.1
Measuring Customer Efficiency Data Envelopment Analysis (DEA) (Charnes et al 1994) , a popular tool for productivity and efficiency analysis based on mathematical programming, is used herein to measure customer efficiency. The value of the DEA efficiency scores reflects each customer's relative efficiency by comparing him or her with their peers. The efficiency scores from an input-oriented DEA models are bounded between zero and one, where an efficiency score of one indicates that the customer is efficient, or located on the efficiency frontier. In an input-oriented DEA model, the lower the efficiency score, the lower the efficiency.
There are two inputs in our DEA models:
1. Purchase activity time 2. Non-purchase activity time.
Purchase activity time refers to a customer's on-line activity time directly related to making a purchase (checking-out), including the time used for specifying the product and its quantity, registering customer information, providing payment and shipping information, and authorizing transactions. Non-purchase activity time refers to a customer's on-line activity that is not directly related to a purchase. It includes activities such as information browsing and other customer service type activities such as reviewing account history, changing customer profile, and tracking shipments.
There are three outputs in our DEA models: 1. Number of informational transactions 2. Number of service transactions 3. Number of purchase transactions.
The definition of "transaction" in our model is based on the definition of "session". According to standard methods of measuring Internet usage, a "session" is defined as a 30-minute timeout between two consecutive clicks of a user. That is, when the time interval between two clicks by a user exceeds 30 minutes, a new session is said to have started (Cooley et al. 1999) . A purchase is identified when a user visits a secure https mode and a purchase confirmation page is issued. A purchase transaction is a session with a purchase actually completed by the user. Service transactions involve customer service activities such as checking account history, tracking shipping, and changing customer information profile. A session is identified as a service transaction when a user logs into secured https mode but no purchase confirmation page is issued. The term "informational transaction" refers to a session where the user only visits the common http website for informational browsing or other general purposes but does not visit a secure https mode.
From a customer's perspective, all the three different transactions fulfill his or her different needs and therefore, are all necessary and important. However, from a company's perspective, the three different types of transactions are not equally important.
In most cases, when factors such as profit margin and customer affiliation are taken into account, a manager often evaluates purchase transactions as more valuable compared to service transactions, and service transactions more valuable than informational transactions. Thus, we use two different constant-returns-to-scale (CRS) DEA models in our analysis in order to reflect the different perspectives of the customers and the company: ? is the shadow price of the number of purchase transactions. In this AR DEA model, the constraint (11) captures the relative importance of the three outputs as viewed by the company.
Model 2: Assurance Region (AR) Input-oriented CRS
In our study, we used both the DEA model and the AR DEA model in order to ascertain how the difference between the customers' and company's view may change the results of our analysis.
Factors Influencing Customer Efficiency
We expect both customer-specific factors and external factors to influence customer efficiency. The customer-specific factors include a customer's demographic background (age, education, income, race, gender, and the region of the United States that they reside in). The external factors include the functionality of the infrastructure of the firm (e.g., the design of the firm's website). In Xue, Harker and Heim (2000), it is found that the design of the website has significant influence on customers' satisfaction levels, which in turn depends on a customer's evaluation of the efficiency and effectiveness of the website. Of course, there may exist other external factors that influence on efficiency. We will limit this investigation to the customer demographics due to a lack of data on the external factors. However, we note that such factors should be included in future work.
Empirical Investigation of Customer Efficiency
In order to empirically investigate the concept of customer efficiency, a panel dataset was assembled using data from Media Metrix 1 , an Internet marketing research company (www.mediametrix.com). Through a research alliance, the Wharton Electronic Business Initiative (WeBI) (http://webi.wharton.upenn.edu/) obtains data from Media Metrix on a monthly base, which is collected directly from approximately 60,000 individual web users' PCs. The data contains the 60,000 web users' monthly web log files, about 15 million records per month, as well as the users' demographic information.
In the assembled dataset, there are over 20,000 consumers who visited twelve popular websites during the period from October 1999 to March 2000. Among them, 4836 customers made at least one purchase from one of the 12 websites. The dataset consists of two parts. Part I includes the original monthly web log files for each consumer from which we calculate each consumer's inputs and outputs used in the DEA and AR DEA model as defined in Section 3:
1. Two inputs: purchase activity time, and non-purchase activity time 2. Three outputs: the number of informational transactions, the number of service transactions, and the number of purchase transactions. Part II includes the following demographic data of each consumer: gender, age, annual income level, education, household size, family status, race, and home region; see Table  1 for a description of this data and Table 2 for the summary statistics of this sample. H1: Customer efficiency is independent of gender. H2: Customer efficiency is independent of age. H3: Customer efficiency is independent of annual income level. H4: Customer efficiency is independent of education level. H5: Customer efficiency is independent of household size. H6: Customer efficiency is independent of the fact whether or not the customer's family has any children. H7: Customer efficiency is independent of race. H8: Customer efficiency is independent of region.
Table 1 Description of the Demographic Data
All the customers are classified into five groups based on their efficiency scores. Group 1 has an efficiency score within 0~0. Tables 4 and 5 , the null hypotheses H2, H3, H6, and H7 are rejected at a 0.05 significance level. Thus, customer efficiency is correlated with demographic factors such as age, income, children, and race based on these two models. According to Tables 4 and 5 , the null hypotheses H1, H4, H5 are acceptable at a 0.05 significance level; i.e., customer efficiency is independent of demographic factors such as gender, education level, and household size. Null hypothesis H8 is acceptable according to Table 4 but rejected according to Table 5 . This change results from the changes in efficiency scores for individual customers whe n prior constraints on the shadow prices of the three outputs are added in the AR DEA model. It shows that customer efficiency is independent of "region" when a company's prior judgment about the importance of the three different outputs is not taken into account, but becomes associated with "region" when such prior judgments are taken into account.
Phase II: How Can Customers Become Efficient?
In order to improve customer efficiency, managers can invest in their website infrastructure. As website traffic increases, we expect that there will be a negative influence on average customer efficiency due to congestion at the site resulting from limited resources to handle the traffic. That is, we would like to test the following hypothesis:
H9:
Given certain website traffic capacity, there exists a negative relationship between website traffic and customer efficiency.
To test this hypothesis, we focus our attention on the customer efficiencies of two major Internet bookstores A and B. We first apply the so-called DEA window analysis (Charnes et al. 1994 ) to a panel dataset of 2,514 customers who made at least one purchase from one of the two websites during October 1999 to March 2000. In window analysis, each customer in each month is considered as a different decision-making unit and his or her efficiency is evaluated by comparing it with all the other customers over the six-month time span. We then calculate the average efficiency of customers per website for each month. The results of the two analysis us ing Model 1 are shown in Tables 6 and 7 . The changes of the average customer efficiency at the two websites over time are shown in Figure 2 , and the distribution of the efficient and inefficient customers at the two websites is shown in Figure 3 .
From Figures 2 and 3 , it is clear that there exists a seasonal effect due to the Christmas holiday. At both websites, the total numbers of customers who made purchases reached the highest level in December 1999, while the average customer efficiency reached the lowest level at the same time. After the peak season December 1999, as the number of customers who made purchases at the two websites decreased, the average customer efficiency at both websites started to increase. This phenomenon suggests a negative correlation between the number of customers and the average customer efficiency at the website as stated in our Hypothesis H9. To test H9, a correlation analysis of two variables, the number of customers who made purchases at the website during each month and the average customer efficiency, for each of the two Internet Bookstores was conducted. The results of this analysis are shown in Tables 8 and 9 . The results of correlation analysis strongly support Hypothesis H9 as they show that there exists a significant negative correlation between the number of customers, which reflects the amount of website traffic, and the average customer efficiency at both websites.
We also applied the AR DEA model formulated as Model 2 and redid the analysis with the efficiency scores from the AR DEA model. The results are not substantially different from those of Model 1 and thus, are not included herein.
4.3
Phase III: How Does Customer Efficiency Affect Customer Loyalty? As discussed previously, customer efficiency is an important influence on customer attraction and retention. One of the major reasons for the high percentage of incomplete transactions on the Internet may be the frustration of customers with the inefficient websites. In addition, we expect customer efficiency has a long-term influence on a firm's profitability through enhancing customer loyalty (see Figure 4) . On one hand, efficient delivery of consistently high-quality service depends on efficient performance of customers at the website. After experiencing high-quality service, customers will enhance his or her relationship with the website and possibly with other customers. As a result, customers show increasing loyalty to the website by repeatedly returning to the site. On the other hand, as a loyal customer repeatedly visit the same website, it is possible for his or her efficiency to improve as a result of climbing a classical learning curve. Therefore, we expect there exists a positive relationship between customer loyalty and customer efficiency.
Figure 4 CEM Profit Cycle: Focus on Customer Efficiency
One measure of customer loyalty at a website is the repeat purchase ratio, which is calculated according to the following equation: (12) Here t r is the repeat purchase ration for month t (from November 1999 to March 2000) 2 .
t m is the number of returning customers during month t, and t n is the total number of customers at month t. The statistics of returning customers and the website repeat 2 October 1999 is the base period in our study. Based on the above analysis, we are interested in testing the following hypothesis:
H10: There exists a positive correlation between average customer efficiency and customer repeat purchase ratio.
To test this hypothesis, we conduct a correlation analysis per website to test the relations hip between average efficiency and the repeat purchase ratio; the results of this analysis are shown in Tables 12 and 13 . We redid the correlation analysis using the customer efficiency scores calculated from the Model 2 and find that the results are again similar: the correlation coefficient for Internet Bookstore A is 0.6595 and the correlation coefficient for Internet Bookstore B is 0.2020.
Thus, the results of the analysis using Model 1 and Model 2 both support Hypothesis H10; i.e., there exists a positive relationship between customer efficiency and the repeat purchase ratio.
Summary
This study of customer efficiency in the context of on-line retailing has led to three major conclusions:
1. There exists a relationship between customer efficiency and certain customer demographic variables such as age, income, race, family status, and possibly region. 2. There exists a significant negative relationship between website traffic and customer efficiency. 3. There exists a positive relationship between average customer efficiency and repeat purchase ratios.
The first finding indicates possible methods for identifying potentially efficient customer groups. By looking for a priori evidence that a customer may be efficient, firms can target their efforts to improve customer satisfaction. However, these results need to be used with caution and further investigation with a larger dataset is needed.
The second finding suggests that managers must carefully consider the design and operations of their website infrastructure if they are to help their customers become efficient. One solution is to improve their web infrastructure by focusing on userfriendly website design (Xue, Harker, Heim 2000) . More fundamentally, they can consider redesigning/ reengineering their processes to become much more customerefficiency-oriented.
The third finding implies that there exist long-term advantages for focusing on customer efficiency by creating a more loyal customer base. By creating more loyal customers who also are willing and able to undertake a significant portion of the labor to serve their needs, long-term profitability is sure to follow.
All of these finding are, of course, dependent on the data used in the analysis. The purpose of this paper was not to provide definitive proof of these relationships; this will be left for future work. The goal was simply to illustrate that the concept of customer efficiency seems to have great relevance for today's managers struggling to make their e-business operations successful. By providing a measure of customer efficiency, firms can focus attention on the changes in their service delivery processes and infrastructure that are required to improve efficiency and, ultimately, loyalty and profitability. As the old adage says, if you can't measure it, you can't manage it. This paper has made the first step in managing customer efficiency by providing a methodology for its measurement along with evidence that it is worth measuring. Future research will explore these relationships in greater detail in a wide variety of business settings.
